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Outline

* Overview of community and goal
— Existing facilities
« ANL,ISAC-II
— MSU-reaccelerator

— Proposals — in development
* FRIB, HINS/Project-X, ...

 Conclusions
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Canada's National Laboratory for Particle and
TRIUMF Nuclear Physics

Low-Beta SC (Niobium) Community
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Projects and Proposals at Low Velocity

Project Lab Driver | Post- Particle Structure
accelerator

ISAC-II TRIUMF \ HI QWR

Reaccel MSU v HI QWR

Upgrade ANL \ HI QWR

FRIB ANL,MSU | v \ HI/HI QWR, HWR, Spoke

HINS/Project x FNAL \ P QWR, HWR, spoke

AAA LANL |+ P spoke
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TRIUMF
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ISAC-I11 (Phase | - Medium Beta Section)

E=4.5MeV/u Alq=6

==l HEBT2—Exp.

52 Medium g

E=15MeV/u

5 E=0.15-1.5MeV/u

ISAC-Il 106MHz
Superconducting Linac

aTwenty bulk niobium quarter wave
cavities housed in five cryomodules

nBoosts ion energy by 20MV to
provide stable and RIB’s above the
Coulomb Barrier

Summary

QISAC-II Accelerator commissioned
in Spring 2006 with beam delivery
for key experiments in 2007-08
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g2 TrRiUMF  Superconducting Cavities

*Bulk niobium cavities designed in
collaboration with INFN-Legnaro

*Fabricated in Italian industry (Zanon) and
chemically etched in CERN and J-Lab

*Twenty installed in five cryomodules

(8=7.1%)  (b)Flat (8=5.7%)

Prototype Ca
- .\-_-—u.-l u -




RF power Forward power required for Ea=6MV/m and given
bandwidth

» Provide useable bandwidth by
overcoupling

» Require P;=200W at cavity for f | ,=20Hz
at E.=6MV/m, =200 —.—:Eaf;i

—e— HBW=20Hz

Power (W)

U Coupling loop
» Developed LN2 cooled loop
» <0.5W to LHe for P=250W

(dMechanical tuner

» Precise (0.3~Hz), fast (>50Hz/sec) tuner
with dynamic range of 8kHz and coarse
range of 32kHz

O Tuning plate

» Spun, slotted, "oil-can’ tuning plate to
improve tuning range
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b

£ Cavities: on-line vs. Off-line Performance &2

g

e *On-line gradients calculated

A
Ty

from beam acceleration at

7W /cavity averaged over three
different ions. The average
gradient for the on-line cavities
is 7.25MV /m corresponding to
a peak surface field of 36 MV /m

l\

|~ ®— Multiple Cavity Acceleration
|- H--Single Cavity RF Test

Gradient (MV/m)

Peak Surface Field (MV/m)

i
*Off-line results give an average
gradient at 7W /cavity of
7.6MV /m corresponding to

Ep=38MV/m

*Some contamination evident in
a few cavities but on-line
performance down by only 5%
from off-line tests

40
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@TRNMF ISAC-Il Phase |l

ISAC-II (Phase Il - High Velocity Section - 2009)
E=6.5MeV/u (A/q=6)

HEBT2—-Exp.

E=1.5MeV/u

A/q<6
E=0.15—1.5MeV/u

- 1
R &= HEBT 1-Exp.

® VEBT1 IH-DTL1
L

*The Phase-Il Extension of ISAC-II calls for the addition of 20 higher velocity (=0.11)
quarter wave cavities by the end of 2009

*The twenty cavities will be housed in three cryomodules and add an additional 20MV to
the ISAC-Il ions Bob Laxdal, TTC Meeting Oct. 20-23, New Delhi




@TRNMF PAVAC

= Who is PAVAC? First Freq

= A Canadian Company located
in Richmond B.C.

= Specializing in
» Electron Beam Welding
= Precision machining

= Pulsed Electron Beam
Coating

uency Tuning
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Two Prototypes Tested

*Two prototypes fabricated in copper and two in bulk niobium

*Both niobium prototypes perform significantly above ISAC-II specifications;
average values of E_=8.4MV/m (Ep=41MV/m) - specification 6MV/m

*Average voltage gain Va=1.5MV @ 7W

141 MHz prototype's Q curves

im Average for Zanon Cavities

—u— Prototype 1
—e— Prototype 2
7W curve

ISAC-II
Specification

T 8 9 10 11 12 13 14
E, (MV/m)
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Phase Il Linac: RF Tuner

New Tuner Motor Developed | | Dprecision brushless servo-
motor and ball screw on top
of cryomodule

D Actuator extends (through
bellows) to a lever
mechanism to the tuning
plate

O Tuner Position resolution
0.04 Hz/step; corresponds to
5nm/step

Brushless
servomoto

Twin opposing
angular contact
bearing block

Internal
preloaded
precision ball nut

Double pre-
loaded linear ball
bearing

*Tuner operation in locked

phase loop @ 6.4MV/m, 900+ Tone osiion

Pf=166W, Pc=3.3W, :

Qo0=7.13e8 coupling

beta~200, bandwidth ~+20

*Force helium pressure

fluctuatiéhs to test tuner

~ | | *AP=137 T, Af=330Hz;
j} ~compensation is Af/At

| | =13Hz/sec.

& ‘ | |

P “No increase in phase noise 0 3 6
i gﬁ%/ e during test. Time (min)
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Coupling loop

» developed new coupling loop
with improved mechanical drive

— Uses non-magnetic cross roller
bearings

— Reduce side loads by making the LN2
feed more symmetric

— Performance tests show at Pf=200W
the heat load to the helium is <0.5W

- ~
=
=
=
=
=
=
=
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=
=
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RF Amplifiers — Moving to Solid State

0 20 40 60 80 100 120 140 160 180 200
1.00

Solid State

Tube

— - — - Solid State Average
— - - — Tube Average

0.10

Tube
0.01 degrms

Phase eeror, degrms

Solid State
0.04 degrms

0.01 1

0.00

f, Hz

Solid State Amplifier from QEI designed for ISAC-II Phase |l Cavities showed very
good performance and twice less noise level in RF System of the cavity in
comparison with tube amplifier
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Mechanical Dissipator Performance

*Tuner motor used to drive mechanical noise on the top of the cryostat
*Cavity lowest mechanical resonance ~110 Hz which is from inner
conductor

*110 Hz frequency deviation without and 19 Hz with dissipator at the
same excitation amplitude

250E02 +--—----—-------
200E02 +---------------"-"-"-"-"""""""""——— P
%)
E
P 4B0E-02 - b
e
Q
>
1.00E-02 -
5.00E-03 —
——no dissipator
—with dissipator
1.00E-06 - ———a ‘ ‘ ;
0 40 80 120 160 200
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MSU
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MSU Reaccelerator Project

In house construction of three cryomodules, including fabrication and
processing of 20 quarter-wave cavities

SC Linac HEBT  Experimental Area
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Superconducting Linac Cryomodules

e 15t Cryomodule
* 2 Superconducting solenoids

* 1 A/4 SC cavity, B,,=0.041
 Transverse and longitudinal matching

e 20d Cryomodule
* 3 Superconducting solenoids
* 6 A4 SC cavities, B,,=0.041
 Acceleration/deceleration: 1.2/0.3 MeV/u

e 3r1d Cryomodule
- e 3 Superconducting solenoids

* 8 A/4 SC cavities, B,,=0.085
 Acceleration/rebunching

Bob Laxdal, TTC Meeting Oct. 20-23, New Delhi



Two SRF Cavity Types Used

Bopt=0.041

Bope=0.085

MSU Reaccelerator

Type M4 M4
Optimum f3 0.041 0.085
Frequency 80.5 MHz 80.5 MHz
Epeak 16.5 MV/m | 20.0 MV/m
Vacc 0.46 MV 1.18 MV
Eacc 4.84 MV/m | 5.62 MV/m
Bpeak 28.2 mT 46.5 mT
Temperatur 4.5 K 4.5 K
Eength 0.095 m 0.21m
Aperture 30 mm 30 mm

Bob Laxdal, TTC Meeting Oct. 20-23, New Delhi




SRF Cavity Prototype R&D

S

—

« QWRD

opt

- QO: 5)(108
~ E,: 20 MV/m

« QWRD

opt

— Rs=2nQ

— Toroidal shorting plate a la

Spiral and ANL

— TRIUMEF slotted tuning plate

MSU Reaccelerator

Bob Laxdal, TTC Meeting Oct.

=0.085 prototyped
and tested in 2003

=0.041 prototyped
and tested in 2007
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SC Linac Prototype Cryomodules

' o B : <
b) top plate d) 77 K shield vacuum vessel
( ) pBlc?Jb Laxdal, TTC Meeti(ng)Oct. 20-23, New Delhg)



SRF Cavity Design, Fabrication, and Testing

E & M Modeling and
Cavity Design

Cavity Etching Cavity Cleaning Cavity Insert Assembly Cavity Testing
Bob Laxdal, TTC Meeting Oct. 20-23, New Delhi



Argonne
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Argonne-ATLAS

A superconducting
linac cryomodule
currently in use at
the ANL/ATLAS
heavy-ion facility.




ANL Eneragy Upgarade

ATLAS Energy Upgrade and Refrigerator Improvements

109 MHz
ATLAS Energy Upgrade will replace QWR Cavity
the last ATLAS cryostat with: R, = 0.144
, .. Length = 25cm
New crvostat containing e 1
at 4.2K
New class of resonators: _ e e
7 B=0.14 quarter-wave resonato1s e e
[=0 26 half-wave resonator 3 v el
New ATLAS Cryostat T
SE o L
L] ] 4 L] B i 12 4
AN-TAMNDER Srcalarating Fisld - M im
HaEeTOR

ATLAS LINAC N\ A NoStrip Strip NoStrip  Strip
' 16 130 157 185 215

40 12.4 13.4 17.5 19.9

: = . ! 58 9.9 11.8 135 179
R —y - caae 78 9.5 11.2 12.8 16.7
i BOOQSTER fpmmmimgmy, morf 132 8.0 9.3 104 134

AL PO 197 6.6 7.9 8.4 10.9

238 6.4 74 7.9

Argonne & Present Status and Future Plans &

10.0 I



Atlas Energy Upgrade Cryomodule

Cryomodule nearing completion
*Cavities

7 QWR’s (115MHz, beta=0.15)
*Energy booster downstream of
ATLAS with expected increase in
Atlas final energy >30%
*Separated vacuum system

Hpe ONR HI
f 115 MHz 172.5 MHz
Bgeom 0.15 0.26
Length 25 cm 30 cm
QRs= 42 58
ar an accelerating field of 1 MT/m
Epeak 3.2 MVim 2.9 MV/m
Bpeak 357G 18G
rf energy 170 m] 345 ml e R
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Upgrade quarter wave

Frequency
Geometric Beta
Active Length
GRS
Ep=akiEacc
Bpeakd 1 MVim
RF Er‘nargg'-_.r.l'Eiu:t:E

109125
0.144
25
40
32
58.3

01662

QWR 109 Parameters

MHz
wic
cm
ohim

Gauss
Joule

1.E+11

1.E+10

Cavity Q

1.E+09

——Q qt 4.2K
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EP at Argonne

Commissioning the SCSPF: Electropolishing

Entry m%Z\NL chemistry
™. | room after EP




Upgrade Cryomodule

*Separate vacuum system

*Average performance of Ep=33MV/m at 4.2K

GUWRs tests @ 4.2K

. ATLAS requirement = = = =
Actual perfoimance

1 C 2 ¢ 3 A 4 Cavity S Cavity &
Bob Laxdal, TTC Meeting Oct. 20-23. New Delhi 1 Fid eavlyd by



FRIB (RIA Lite)

« Site evaluations are on-going this month

« Both MSU and Argonne have prototypes in
hand to move forward if funded

345 MHz, p=4

All 3 prototypes have been
completed and significantly
exceeded baseline specifications

172.5 MHz, p=.25 for the RIA driver

Bob Laxdal, TTC Meeting Oct. 20-23, New Delhi
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AEBL Driver — FRIB Proposal

Il. Applications: Spoke —cavity based AEBL

)t for the AEBL driver linac

Triple-Spoke 400 KW @200 MeV/u
345 MHz (for 235U))

B=0.50, 0.62

RFQ
57.5 MHz MHB

ECR lon Sources

300 keViu 14 keViu (H* to 233U)

Advanced Exotic Beam Laboratory

ks

Argonne



ANL — Argonne USA

*345MHz Triple spoke cavity developed over last several years for beta=0.5
and 0.62

*Now proposed for Project X to replace elliptical cavities in mid beta range
*Q-slope apparent at 4K virtually disappears at 2K after hydrogen degassing

Enhancement in Q at high field is more than just reduction of Rbcs

o 4 K AFTER DEGASSING
(~same as before degassing)

Filled Symbols — Beta=0.62 Triple-spoke Cavity
Open Symbols — Beta=0.50 Triple-spoke Cavity

Argonne "
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FNAL
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Project X

Major Linac Sections

Linac Structure

325 MHz 1300 MHz
ION SOURCE
{RFQ CH SSR-1 SSR2 TSR SBETA ILC1 ILC2
e e
/ Being installed in the Meson Lab \
_________________ J
I RFQ MEBT RT-TSR SSR| SSR-2 TSR
R v .
LIS+BC st
|
[ S S | |
'W(MeV) 0.05 2.5 10 32 123 418
-~ )

M Linacos Beam Dynamics Studies of the 8 Gel Linac at FMAL

Argonne



Project X

28 Klystrons (2 types)
461 SC Cavities
58 Cryomodules

000 kW 8GeV Linag

Project-X RF

Front End Linac

325 MHz 0-10 MeV
I Kiystron (JPARC 2.5 MW]
18 BT Cavires

Klysiron

325 MHz 10-120 MeV

I Klystron (JPARC 2.5 MW}
/) 31 Smgle Spoke Resonators

225 MHz

3 Klystrons (JPARC 2.5 M)
41 Triple Spoke Resonators
7 Cryomodules

0.12-0.42 GeV

5C E‘uma.:ifn' fes

/TSR [ TSR | TSR | TSR | TSR | TSR | TSR |

& Lar iawd quadds f Lryeme-deln

2.3 MW JPARC

ks v Fanom
Pruam sl Al Fade {sarirsl

Far 11 Usviton /| Uryoma o

*Cold section starts at 10MeV with 51 single spoke
resonators to 120MeV followed by 42 triple spoke resonators

to 420MeV
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Project X

Accelerating cavities ( not to scale)
NC spoke SC single spoke Triple-spoke cavitiy

B.=0.81, 7-cell, 1300 MHz

AOAOOON

-

& LINACOS Beam Dynamics Studies of the 8 GeV Linac ai FMAL

i FOO e
Argo I_I.I..
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Project X

Voltage gain per cavity

a0
25 'pll""'
__20f
=
=
%15-
= o CH
= 10 o 85R1 |
N, SSR2
TSR
SF S5=ILCH
o™ ILCA
Df | | | | o LG22
0 100 200 200 400 500

Cavity number

A LINACOE Beam Dynamics Studies of the 8 GeV Linac at FNAL

Argonne
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HINS Project

*What is HINS?

*A 60MeV test linac to demonstrate beam dynamics and rf feed capabilities
of the Project X front end design

HINS SC Spoke Cavity at VTS

Je
L. J

S5SR1-01 Vertical Test I , ‘ ‘ v :
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Conclusion

« On-going projects in North America of ISAC-II
Phase |I, MSU reaccelerator and Argonne
energy upgrade keep interest strong in Low beta
community

« Community very interested in new developments
concerning HINS/Project X to prove the
capability of spoke resonators at mid energy
regime

« Waiting for positive response to FRIB funding

Bob Laxdal, TTC Meeting Oct. 20-23, New Delhi
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